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1.  INTRODUCTION  

 

Virtual Beach version 2.3 (VB 2.3) is a decision support tool.  It is designed to 

construct site-specific Multi -Linear Regression (MLR) models to predict pathogen 

indicator levels (or fecal indicator bacteria, FIB) at recreational beaches.  MLR analysis 

has outperformed persistence models (using the most recent FIB concentration as the sole 

predictor of the next FIB concentrations, i.e., yt = yt-1) at beaches where conditions, such 

as weather, water conditions, and human and animal traffic levels, change significantly 

from day to day (Frick, Ge et al. 2008). 

 

1.1 On Predictive Modeling 

 

In any predictive modeling endeavor, variability and uncertainty are always 

associated with model output, arising from a variety of reasons that are impossible to 

eradicate completely from the modeling exercise.  Virtual Beach 2.3 attempts to be 

forthright with this fact by issuing a probability of exceedance for any regulatory 

standard that the user wishes to investigate.  Even so, there is no guarantee than every 

model prediction will be correct, and a situation where the model predicts water quality 

to be good enough for public recreation might be erroneous.  Decisions to allow or not 

allow swimming at beaches must be made, however, and in the best case scenarios the 

regression models developed with Virtual Beach 2.3 will outperform less rigorous 

predictive efforts. 

 

1.2 Recommended User Background 

 

Virtual Beach 2.3 is our attempt to create a decision support software tool that 

will assist someone with little statistical knowledge in developing a multiple linear 

regression model based on their available data.  Some familiarity with regression 

modeling and residual analysis will no doubt benefit a VB 2.3 user, although we believe 

that, after only a few sessions, someone with very little background in statistics can 

produce defensible regression models using VB 2.3.  We note that these MLR models, or 

any other statistical models, will only be as effective as the data used to develop them.  

No statistician, however skilled, can turn a dataset filled with worthless independent 

variables (i.e., IVs) into a useful predictive device. 

 

VB 2.3 has five major components: 

 

 Beach location map interface where users can locate their site, define the 

orientation of the beach, and examine nearby potential data sources. 

 Data processing spreadsheet interface that facilitates the import and manipulation 

of MLR model variable data. 

 Modeling interface presenting options for performing MLR analyses. 
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 Residuals component to examine regression residuals, allow optional elimination 

of highly influential data records, and perform recalculation of the regression 

model. 

 Prediction interface allowing entry of new data and subsequent estimation of 

pathogen indicator levels using a selected MLR model. 

 

Each component is accessible from the applicationôs main window via selectable 

tabs.  The Beach Location and Data Processing tabs are always visible, the Modeling tab 

becomes visible once the input data have been validated, and the Residuals and MLR 

Prediction tabs appear when model-building is complete and a model is selected. 

 

 
Figure 1.  The five major component tabs of VB 2.3 - the modeling tab is currently active 

1.3 History  and Comparison of Version 2.3 to Earlier Versions 

 

Virtual Beach 2.3 is derived from the Virtual Beach Model Builder application 

(VB1.0 - also known as Virtual Beach v1.0) developed by Walter Frick and Zhongfu Ge.  

VB1.0 can be characterized as a MLR model-building tool that supports a primarily 

manual analysis of data sets via visual inspection of data plots and manipulation of 

variables (e.g., transformations, creating interaction terms), followed by an iterative 

process of testing, comparing and evaluating models.  The fitness of developed models is 

computed and tracked, allowing for comparison and eventual selection of a ñbestò model 

for the dataset under consideration.  This model can then produce estimates of pathogen 

indicator levels using current or forecasted environmental data from the site. 



6 

 

VB 2.3 enhances the functionality of its predecessor, performing similar functions 

(visual inspection of univariate data plots, manual transformations of individual variables, 

MLR model building, prediction, etc.), but also automating and extending functionality in 

several ways: 

 

 The Map component provides users with information on the location and 

availability of local data sources (NWIS/NCDC data) through the map interface.  

These sources can provide recently collected and/or forecasted data for generating 

predictions by a chosen MLR model. 

 

 The Map component provides a convenient method for defining beach orientation 

by overlaying the beach on current shore-line layers (satellite images, Google 

Maps, MS Virtual Earth, etc).  Given this orientation, VB 2.3 can calculate wind, 

wave, or current components (A component is parallel to shore and O component 

is perpendicular to shore), which can be important predictor variables. 

 

 Although manual processing and analysis of imported data (visual inspection of 

univariate data plots and the transformations/interactions of variables) has been 

retained, the Data Processing component of VB 2.3 provides automated 

generation of all possible 2
nd

 order interaction terms amongst a set of IVs, 

formation of more complex functions of multiple columns, and automated testing 

of a suite of variable transformations for improved model linearity.  This 

functionality increases the number of models to evaluate during later selection 

routines and removes the burden/difficulty of manual assessment placed on users 

of VB1.0. 

 

 Multi -collinearity amongst predictor variables is handled automatically in the 

Model Building component.  Any model containing an IV with a high degree of 

correlation with other IVs (as measured by a large Variance Inflation Factor 

[VIF] ) is removed from consideration during model selection.  The VIF threshold 

is user-defined with a default value of 5. 

 

 During model selection, MLR models are ranked by a user-selected evaluation 

criterion.  Possible criteria include R
2
, Adjusted R

2
, Akaike Information Criterion 

(AIC), Corrected AIC, Predicted Error Sum of Squares (PRESS), Bayes 

Information Criterion (BIC), Accuracy, Sensitivity, Specificity, or the modelôs 

Root Mean Square Error (RMSE).  Regardless of which criterion is chosen, the 

software records the ten best models in terms of that criterion.  In comparison, 

VB1.0 had only a single comparative criterion, Mallowôs Cp. 

 

 As the number of IVs in a dataset increases, possible MLR models increase 

exponentially (considering transforms/interactions), resulting in trillions of 

possible models from a modest number (12-13) of IVs.  VB 2.3 implements a 

Genetic Algorithm (GA) that effectively and efficiently searches for the best 

possible MLR model.  Alternatively, VB 2.3 users can perform an exhaustive 

calculation in which all possible combinations of IVs are used and tested if the 

number of possible models is reasonably small (circa 100,000).  Both the GA and 
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exhaustive approaches greatly expand the model-building capabilities of VB 2.3, 

compared to VB1.0. 

 

 Users no longer have to enter data values in transformed, interacted, or 

component-decomposed form to make a prediction with a chosen MLR model.  

On the VB 2.3 MLR Prediction tab, a user-selected model is coded into an input 

grid with data entry columns matching the modelôs main effects.  Any 

mathematical manipulation of these IVs is then automatically performed prior to 

making predictions. 
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2.  INSTALLATION AND EXE CUTION  

 

 VB 2.3 is developed with MS Visual Studio 2010, written in C#, using multiple 

public domain system components (Weifen Luo Docking UI, ZedGraph, and GMap.Net) 

and employs a single licensed statistical library (Extreme Optimization).  No license or 

software purchase is required by the user to install and run the application, but an internet 

connection is required to display maps.  Users must have Microsoft XP or Windows 7 OS 

with the DotNet Framework 4.0 to assure proper installation and operation.  Assorted 

errors have occurred when running Windows Vista OS.   Certain VB 2.3 data 

manipulation and model-building operations are computationally intensive so faster 

CPUs are better, but most new laptops or desktop systems will be adequate.  Disk space 

requirements are modest (less than 5 MB) if the DotNet Framework is installed; if not, 

the Framework installer requires ~ 175 MB of disk space.  The VB 2.3 application 

installer will attempt to download and install the DotNet Framework 4.0 if it is not 

installed on the target system; this also requires a network connection.  If necessary, a 

user can freely obtain the DotNet Framework 4 installer at:  

 

http://www.microsoft.com/download/en/details.aspx?id=17851 

 

The EPAôs Center for Exposure Assessment Modeling (CEAM) web site 

distributes VB 2.3 at: 

 

http://www.epa.gov/ceampubl/swater/vb2/index.html 

 

Obtain and initiate execution of the VB 2.3 application installer and follow the on-screen 

instructions.  The VB 2.3 application installer can be found at:  

 

https://iemhub.org/resources/vbmb2 for iemHub Virtual Beach Group members; 

https://iemhub.org/groups/virtualbeach/join to request Group member access. 

 

Finally, the software can be obtained by request (see the contacts list in the 

Feedback section at the end of this document).  After installation, a shortcut will appear 

on your desktop to start the software. 

2.1 Viewing this Documentation 

 

Virtual Beachôs User Guide can be accessed within the software via the top-level 

Help User Guide menu selection or in a context-sensitive fashion via the F1 key.  

Invoking F1 will launch Adobe Acrobat or Adobe Reader (if installed) and open the User 

Guide to the appropriate page.  Note that if the Guide is already open, the F1 key will 

have no effect; users must close Reader (or Acrobat) for F1 to launch and open to the 

correct page.  Or if the Guide is already open, users can navigate to the area of interest 

via the Table of Contents. .  The User Guide (Virtual_Beach_2_User_Guide.pdf) can also 

be opened independently of program operation; it resides within the Documentation 

folder of the programôs installation folder. 

http://www.microsoft.com/download/en/details.aspx?id=17851
http://www.epa.gov/ceampubl/swater/vb2/index.html
https://iemhub.org/resources/vbmb2
https://iemhub.org/groups/virtualbeach/join
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3.  OPERATIONAL OVERVIEW  

 

Virtual Beach 2.3 is simple to operate:  it is categorized into five functions, each 

with its own component or interface: 

 

Beach Location ï a mapping tab whose utility is meant to provide a basis for generating 

orthogonal (alongshore and offshore/onshore) wind, current, and/or wave components for 

the beach under consideration; its use is optional.  Such components can be powerful 

predictors of pathogen indicator levels at the beach, so using the beach definition 

component is recommended if the dataset under consideration contains wind, wave or 

current data.  This tab is also useful for locating nearby NWIS/NCDC climate and water 

quality data sources for a specific location. 

 

Data Processing ï a spreadsheet tab to support data manipulation procedures on an 

imported dataset.  In addition to wind/current/wave component generation, users can 

generate new independent variables that represent the products, means, sums, minimums, 

and maximums of other IVs, as well as common data transformations for the IVs.  

Statistical indicators help users select the best IV transformations in MLR model-

building. 

 

Modeling ï this tab allows selection of any eligible IVs for consideration in MLR model- 

building and model-generation.  Model-generation is accommodated by user-selected 

model evaluation criteria and automatic generation of the ten best-fit models from a 

search in which all possible combinations of predictor variables are tested, or via a 

heuristic searching algorithm (the Genetic Algorithm or GA).  Regression fit and model 

variable statistics are generated to help evaluate the usefulness of predictive variables and 

overall fit.  Time series and XY scatter plots, as well as reports on best-fit models, can be 

viewed and/or saved for further analysis and recording. 

 

Residual Analysis ï this tab displays plots of a modelôs regression residuals, including 

their normality statistics, and provides means to eliminate highly influential data records 

and recalculate the regression model.  Altered data sets can be exported for external use 

and rebuilt models can be selected for the prediction tab. 

 

Prediction -- this tab is comprised of three grids where users can enter or import the 

needed IVs for the chosen model, enter or import observations that will be compared to 

model predictions, and examine model predictions and exceedance probabilities.  Time 

series and XY scatter plots of observations versus predictions are shown to help users 

gauge model effectiveness. 
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4.  PROJECT MANAGEMENT  

 

Oftentimes the user will put an imported dataset through lengthy pre-processing 

to prepare it for analysis.  To avoid repeating all of this work, ñprojectò files can be saved 

and re-opened via the Project Ą Save and Project Ą Open menu selection.  Subsequent 

opening of a saved project file will load the processed data sheet and information on the 

Beach Location tab, including the beach orientation if the user had defined it.  However, 

no modeling information is saved inside a project file. 

In addition to project files, ñmodelò files can be opened and saved using choices 

under the ñModelò menu at the top of the VB 2.3 interface.  A model file contains 

information on the IVs, regression parameters, and other metadata for the currently 

selected model in the Modeling, Residual, or MLR Prediction tab.  Whenever a model 

file is saved, VB 2.3 will prompt the user to enter a Decision Criterion (DC), Regulatory 

Standard (RS) and Threshold Transformation for the model.  These parameters will be 

used as initial values (they can be changed when the model file is opened) for later 

calculations of model sensitivity and specificity, which depend on the numbers of false 

negative and false positive model predictions (see Sections 7.6 and 7.7). 

When users open a previously saved model file from within VB 2.3, they are 

taken directly to the MLR Prediction tab where they can use the saved model to generate 

predictions.  Model files are designed for situations where a statistically-savvy developer 

is charged with developing regression models for a number of beach sites.  After the 

developer chooses a ñbestò model for a site, the model file can be saved and then 

delivered to the beach manager who will not use VB 2.3 for full-scale model 

development, but only to input new data, generate predictions, and make decisions 

regarding swimming advisories. 
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5.  BEACH LOCATION MAPPI NG INTERFACE  

 

On VB 2.3 application startup, the map interface is shown, but users can go 

directly to the Data Processing tab if desired. 

 

 
Figure 2. Beach Location interface - the default map type is Yahoo Map, but users have many 

mapping options 

 

5.1 Finding a Location 

 

The map interface provides map controls that allow users to look up a location 

manually by panning and zooming (mouse drag on the map and use of the mouse wheel 

or zoom control).  Alternately, a decimal latitude/longitude or place name can be entered.  

The control uses Google Mapsô reverse geo-coding network service to find locations. 
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Figure 3.  Beach Location tab controls and their function 

 

Map Controls

Zoom Slider ςdrag slider up and 
down to zoom in and out, 
respectively.

Map Controls ςAdd Lat/Long and 
ŎƭƛŎƪ άGoToLatκ[ƻƴƎέ ōǳǘǘƻƴ ƻǊ ŜƴǘŜǊ 
ŀ tƭŀŎŜ ŀƴŘ ŎƭƛŎƪ άGoToPlaceΦέ

Map Settings ςSelect map type from 
drop down menu to change the 

display in the map window.

Beach Orientation ςuse buttons to 
add or remove markers on the map.  
Once the beach shoreline is 

delineated by placing the 1st and 2nd

beach markers, click in the water and 
ǘƘŜƴ ŎƭƛŎƪ ά!ŘŘ ²ŀǘŜǊ aŀǊƪŜǊΣέ ǿƘƛŎƘ 
will lead to the correct orientation 
ŀƴƎƭŜ ōŜƛƴƎ ǇƭŀŎŜŘ ƛƴǘƻ ǘƘŜ ά.ŜŀŎƘ 
hǊƛŜƴǘŀǘƛƻƴέ ōƻȄΦ

Show Station Location ςif zoomed in 
enough, select a station type and 
ǘƘŜƴ ŎƭƛŎƪ ά{Ƙƻǿ {ǘŀǘƛƻƴ [ƻŎŀǘƛƻƴǎέ 

to display such stations on the map.

Current Location ςclick anywhere on 
the map to display that points Lat 
and Long.

Loading ςmap loading progress bar 
that shows network download 
activity for map images.
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5.2 Defining the Beach Orientation 

 

Map control allows delineation of a beach on the map to ascertain its orientation, 

which is useful if wind, wave, and/or current flow components are to be used in MLR 

model-building.  Maps, as opposed to satellite or hybrid images, provide less shoreline 

detail so it is recommended that the map setting type use a hybrid or satellite image prior 

to adding point locations that define beach boundaries.  Once displayed, click on the map 

(a red marker will appear) and select the ñAdd 1
st
 Beach Markerò button; this represents 

the first point of the extent of your beach shoreline.  Repeat this for the second beach 

marker and click on the map to indicate which side of the shoreline represents the water; 

then hit the ñAdd Water Markerò button.  Marker points will turn green as you add them.  

Once the water marker is added, a shaded box (the beach) appears and the computed 

orientation angle will be displayed. 

 

 
Figure 4.  Adding shoreline and water markers to define beach orientation 

 

 

Points can be added or removed until the user is satisfied with the beach 

representation.  To recall the computed beach orientation in the data processing 

components creation screen (see Data Processing section below), users can either save 

and then re-open a project file  or they can note the beach orientation on the mapping 

screen and manually enter that angle on the components calculation screen. 
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5.3 Finding nearby Water Quality, Flow, and Climate Information Sources 

 

Possible nearby data sources for the area of interest may be located and displayed 

on the map.  USGS NWIS and NOAA NCDC station markers at a zoomed-in map area 

can be located and displayed by checking appropriate items in the map window and 

clicking the ñShow Station Locationsò button.  Note that the ñShow Station Locationsò 

button is only enabled when zoomed-in to an appropriate level (e.g., zoom level three as 

measured from the top of the zoom control slider). If either of the selected station 

categories (NWIS and/or NCSC; the STORET station category, although present on the 

control, is not yet functional) are present within the map display area, they will appear.  

Also note that the network server that produces NCDC station locations restricts location 

requests to one every 30 seconds ï a one-half minute delay is required for subsequent 

location requests and an error message will be displayed if the appropriate wait time has 

not elapsed.  Once station location markers are displayed on the map, hovering over the 

top-left hand corner of any station marker will display station ID information.  With that 

information, users can visit the appropriate web address to gather water/weather data for 

the area of interest. 

 

 
Figure 5.  NOAA/NCDC station marker showing station ID information 

 

 

 
Figure 6.  USGS/NWIS station marker showing station ID information 

 

 

USGS NWIS web site URL: http://waterdata.usgs.gov/nwis/inventory 

NOAA NCDC web site URL: http://www.ncdc.noaa.gov/oa/climate/stationlocator.html 

 

http://waterdata.usgs.gov/nwis/inventory
http://www.ncdc.noaa.gov/oa/climate/stationlocator.html
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Figure 7.  Beach Location interface showing station markers near Gary, Indiana 

 

5.4 Saving Beach Information in a Project File 

 

 Use the ProjectĄSave menu bar selection to open a Save File dialog and to save 

the project information to disk.  Beach marker and angle information is saved in the file 

name provided; the saved file can be anywhere, but using the ñProject Filesò folder 

(found in the VB 2.3 root install folder) is recommended. 
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6.  DATA PROCESSING 

 

6.1 Data Requirements and Considerations 

 

VB 2.3 accepts files from Excel 2007 or earlier (Excel 2010 is not currently 

supported), as well as comma-separated-value (CSV) text files.  Input data must conform 

to certain standards:  

 

 The first row of any data column must be a header with the IVs name.  For best 

operation of the software, the column name should be composed of letters, 

numbers (donôt begin the column name with a number), and/or underscores, i.e., 

ñ_ò.  Other characters in column names can cause problems. 

 The first (left-most) column of the dataset must be identification for the 

observations, typically a date or time stamp that indicates when the observation 

was collected.  The only requirement is that each row MUST have a unique ID.  

VB 2.3 will not import datasets with non-unique IDs in the first column.  If the 

first column is a time stamp, VB 2.3ôs plotting functions will work best if the 

column is in chronological order, from earliest to most recent observations. 

 The second column of the dataset will initially be set as the dependent or response 

variable; however, this can be changed after data are imported.  Any subsequent 

columns will be considered to be IVs.  

 Variable measurement units are not considered, but certainly affect predictions.  

Make sure any data used for predictions are in the same units as those used to 

build the models; for example, do not build a MLR model with water temperature 

in degrees Fahrenheit, then later import water temperature in degrees Celsius for 

predictions.  It is prudent to include unit information in the column names (e.g., 

WaterTemp_C) to remind the user of the proper units when making predictions.   

 Missing data (blank cells) are permitted on import, but must be dealt with in Data 

Processing prior to modeling. 

 If present in the imported Excel data sheet (other than in column names or the 

first ID column), cells with non-numeric values (i.e., symbols or text) are turned 

into empty cells.  If such non-numeric characters are present in an imported .csv 

file, they will be imported to the data grid, but will be recognized as anomalous 

data during the required validation scan and will have to be dealt with (deleted or 

turned into a numeric value) at that time. 

 VB 2.3 recognizes any column of data with only two different values as 

categorical.  If you have a column of categorical data with more than two values, 

you can designate it as categorical, using methods described below.  The 

ramification of a variable being identified as categorical is that VB 2.3 leaves it 

out of transformation processes. 

 There is no hard-coded limit on the number of IV columns one can import; 

however, a practical limit exists that depends on system processing resources.  

There is also an inherent limit: - documentation indicates that the grid components 

used in the application are designed for a maximum of 300 columns before 

performance issues degrade the application.  Modeling 250+ columns of data 
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presents circa 2(10)
20

 possible data combinations for MLR processing.  The 

Genetic Algorithm handles this modeling task, but choosing ñRun all 

combinationsò would likely take an immense amount of time to complete.  

Depending on how many additional IVs will be created by the user, importing a 

dataset with less than 100 IVs should be acceptable. 

6.2 Import ing a Dataset 

 

When users first click on the Data Processing tab, they open a dataset using the 

ñImportò button.  This brings up a dialog screen where a directory explorer can be used to 

find the data file and open it.  If the dataset is an Excel file with multiple sheets, a dialog 

box opens to ask the user which to import. 

 

 
Figure 8.  Importing a dataset into the Data Processing tab 

 

Once imported, the data grid is shown as a spreadsheet on the right.  The second 

column of the spreadsheet will be highlighted in blue to indicate its status as the current 

response variable.  Information about the dataset, such as number of rows and columns, 

name of the ID column and name of the response variable, appear on the left.  At this 

point the grid cannot be edited or interacted with in any manner; tTo access additional 

processing functionality, the data must be validated. 

 

6.3 Validating the Imported Data 
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The ñValidateò options window can be accessed by clicking the ñValidateò button 

at the top of the Data Processing tab.  This window primarily launches a required data 

scan to identify blank and non-numeric data cells in the imported spreadsheet.  However, 

one can also find and replace other specified values (e.g., a missing data tag like -999) in 

the dataset using the ñ(Optional) Find:ò input box. 

 

 
Figure 9.  Data validation required to begin data processing 

 

To validate the data, the user clicks ñScan.ò  VB then goes through the 

spreadsheet, cell by cell, looking for blanks, non-numeric, or user-specified values 

entered in the ñFind:ò input box.  If one of these types of cells is found, the scan will stop 

to highlight that cell.  Users must decide how to deal with the cell using choices in the 

ñActionò section:  they can replace the bad cell with a specified value, using the ñReplace 

With:ò input box, or they can delete the row or column containing the bad cell.  The user 

must decide where to implement the chosen action with the ñTake Action Withinò menu.  

Possible choices are ñOnly this Cell,ò ñOnly this Row,ò ñOnly this Column,ò ñEntire 

Row,ò ñEntire Column,ò and ñEntire Sheet.ò  Items in this menu are context-sensitive, 

i.e., they change depending on which Action is selected.  This setup gives the user 

flexibility, for example, to delete all rows containing missing values within one specific 

column of data (Action would be ñDelete Rowò taken within the ñEntire Columnò), and 

replace all missing values with a user-specified numeric value within another column of 

data (Action would be ñReplace With:ò taken within ñEntire Columnò).  The cell, row, 

and column reference will always refer to the highlighted cell.  After setting the ñTake 

Action Withinò menu, the user clicks the ñTake Actionò button, VB 2.3 makes the 

specified changes to the spreadsheet, and the scan continues.  When the entire 
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spreadsheet has been scanned and all bad cells have been fixed, VB 2.3 reports that ñno 

anomalous data have been found,ò and the user can click the ñReturnò button to close the 

Scan window. 

As stated earlier, VB 2.3 will not attempt to transform categorical data columns.  

It automatically identifies columns with only two unique values as categorical, but if the 

user has other categorical IVs with more than two categories, those should be identified 

to VB 2.3 by the ñIdentify Categorical Variablesò button. 

 
Figure 10.  Context-sensitive choices for the ñTake Action Withinò drop-down menu 
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6.4 Working with  a Dataset Post-Validation  

 

After the dataset has passed the validation scan, the function buttons across the 

top of the Data Processing tab are enabled. 

 

 
Figure 11.  Post-validation enabling of the Data Processing functionality 

 

At this point, the grid cells (other than the ID column) are editable ï that is, users 

can manually enter new numeric data into the cells by double-clicking on a cell and 

typing in a new value. VB 2.3 does not allow blank cells or non-numeric data in cells.  

Additionally, a right mouse-click on an IV column header presents options: 
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Figure 12.  Right-click options on columns that are not the response variable 

 

ñDisable Columnò turns the columnôs text red and prevents the column from being 

passed to the Modeling tab of VB.  Previously-disabled columns can be activated using 

ñEnable Column.ò  ñSet Response Variableò will make that IV the new response variable 

and it becomes blue as a visual indication of this change.  ñView Plotsò shows a new 

screen with column statistics at the far left and four plots for that IV:  (1) a scatterplot of 

the IV versus the response variable in the upper left panel, (2) a plot of the IV values 

versus the ID column at the upper right (a time series plot if the ID is an observation 

date), (3) a box-and-whiskers plot at the bottom left, and (4) a histogram for the IV at the 

bottom right.   

 

 
Figure 13.  Four different plots available for evaluation of IVs 
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The scatter plot (upper left) is probably the most-examined, as it can indicate a 

non-linear relationship between the IV and the response variable, problems with 

homogeneity of variance across the range of the IV, or outliers.  Ensuring that the IVs are 

linearly related to the response variable raises the probability of producing a robust, 

meaningful analysis.  If the relationship between the response and the IV is not well-

approximated by a straight line (a fundamental assumption of MLR), it may be beneficial 

to transform the IV.  Using VB 2.3 to accomplish this will be explained later in this 

document.  The scatterplot also shows the best-fit regression line in red, along with the 

correlation coefficient (ñrò) and the significance (p-value) of the correlation coefficient at 

the top of the plot.  For the most part, p-values below 0.05 are considered statistically 

significant. 

Identifying odd values (potential outliers or bad data) of any IV can often be done by 

visually inspecting these plots.  If users double-click on the data point marker for any 

observation in one of the top panels or the bottom left panel (i.e., not the histogram), they 

can disable that point (the row) in the data grid. 

 

 
Figure 14.  Disabling an observation from within the XY scatterplot  

 

The final choice -- ñDelete Columnò-- deletes a column from the data grid, but the 

original columns of the imported data sheet (VB 2.3 thinks of these as ñmain effectsò) 

cannot be deleted.  Rows can be disabled and enabled, but not deleted, from the data grid 

by right-clicking the row header (far left of each row) and making the desired choice. 

If the user right-clicks on the column header of the response variable, a different 

set of choices is shown: 
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Figure 15.  Available choices when right-clicking the current response variable 

 

Users can transform the response variable in three ways: log10, loge, or a power 

transformation (raising the response to an exponent: y
ɚ
).  They can also un-transform the 

response, view the plots shown previously for the IVs, or define a transformation of the 

response variable.  This option is used when a datasheet is imported with an already-

transformed response variable.  For example, users could import a datasheet with log10-

transformed fecal indicator bacteria levels and then define the response as being log10-

transformed.   Doing this facilitates later comparisons with observations, decision criteria, 

and regulatory standards.  When users transform the response variable within VB 2.3 

using the ñTransformò option, VB 2.3 automatically defines the response as having the 

chosen transformation and, in doing so, synchronizes the units of measurement for later 

comparisons. 
 

6.5 Computing Alongshore and Onshore/Offshore Wind, Wave and Current 

Components 

 

Orthogonal wind, current, and wave vectors can be powerful predictors of beach 

bacterial concentrations.  Depending on the orientation of the beach, wind and currents 

can influence the movement of bacteria from a nearby source to the beach, and wave 

action can re-suspend bacteria buried in beach sediment.  To make more sense of these 

data, researchers typically decompose wind/current/wave magnitude and direction into A 

(alongshore) and O (offshore/onshore) components for analysis (see equations at the end 

of this section). 

If direction and magnitude (speed/height) data are available, A and O components can 

be calculated with the ñCompute A, Oò button.  Clicking it brings up a window where 

users specify which columns of the data grid contain the relevant magnitude and direction 

data, using drop-down menus (Figure 16).  There is also an input box at the bottom of the 

form for the beach orientation angle.  If the user defined the angle on the ñBeach 

Locationò tab, that value should be seen here.  After clicking ñOK,ò new data columns 

are added to the far right of the data grid, representing the A and O components of the 

specified wind, current, or wave data.  Unlike the originally imported IVs, these 
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components can be deleted from the data grid after they are created.  Names of these new 

columns will be: WindA_comp(X,Y,Z), CurrentO_comp(X,Y,Z), WaveA_comp(X,Y,Z), 

etc, where X is the name of the column of data used for magnitude, Y is the name of the 

column used for direction, and Z is the beach orientation angle. 

 

 
Figure 16.  Window for computation of alongshore and offshore/onshore components 

Notes on wind, wave and current component calculations: 

Direction is an angular degree measure.  Moving in a clockwise direction from north 

(0 degrees), values are positive, and negative while moving counter-clockwise.  Wind 

and current speed (as well as wave height) can be measured in any unit.  VB 2.3 adheres 

to scientific convention where wind direction is specified as the direction from which the 

wind blows, while current and wave directions are specified as the direction toward 

which the current or waves move.  Thus, wind blowing from west to east has a direction 


















































































